DETERMINATION OF " EQUIVALENT ROENTGEN" VALUE FOR GAMMA RAYS
The roentgen has been adopted as the international unit of quantity or dose of x-rays and has proved satisfactory in practice. It is based on the measurement of ionization, satisfying the physical conditions of an "absolute" measurement. Since gamma rays also produce ionization, it is therefore theoretically possible to extend this unit to these rays as well, which for practical reasons is highly desirable.
Direct and indirect methods of measurement have been applied for that purpose. The direct method involves the adaptation to the measurement of gamma rays of the same physical premises applied to the establishment of the international roentgen for x-rays and has been shown to be attended by considerable experimental difficulties, the analysis of which is beyond the scope of this report (see Failla and Marinelli, 1) . The indirect method consists in a comparison of gamma ray doses of unknown roentgen value with x-ray doses of known roentgen value producing an equal effect on a test object. The dosage values thus obtained can be expressed in equivalent roentgens (Failla, 1933) . It need not be emphasized that the unit of gamma ray dosage thus determined does not necessarily satisfy the conditions which the definition of the roentgen imposes. On the other hand, such a procedure gives the true comparative evaluation of the total secondary electronic effect and its biological effectiveness in a given object, which is the final determining factor for conditions met with in practice.
It is the purpose of the first section of this paper to report the results of comparative gamma ray dose measurements made with the pupae of Drosophila melanogaster, a biological test material thus far not extensively used for radiobiological purposes, which has yielded very satisfactory results under certain well defined conditions."
It is evident that this indirect procedure of dosage measurement requires that the mechanism of biological action of the two radiations considered be essentially the same, and that a satisfactory demonstration of this condition be provided. In relation to this point, the significance of certain characteristics of the results obtained for both gamma rays and x-rays, together with 1 Visiting from the Radiological Institute of the University of Berne, Switzerland, Prof. A. Liechti, Director. 2 We refer to the publication of Henshaw, now in preparation, for a detailed account of the method, dealing with the age factor and reproducibility of results. 565 those obtained by the summation action of these two radiations, will be emphasized. The results of these summation experiments, though they are related to the problem of the equivalent roentgen, will be reported in the second section of this paper, for convenience in presentation.
The gamma ray experiments with Drosophila pupae were performed under particularly well defined and reproducible experimental conditions which made it possible to express the values obtained in terms of the standard conditions of 1 em. distance from an effective point source of gamma radiation, and 0.5 mm. platinum filtration. Previous work along this line has been reported by Exner and Packard (2) , as well as Henshaw and Francis (3) of this laboratory, who carried out similar experiments with Drosophila eggs, also in close accordance with these standard conditions. Their papers should be consulted for other considerations involved in the problem. Analogous investigations have also been recorded by Braun (4), Holthusen and Hamann ( 5), Sievert (6), Mallet and Bouchard (7).
Materials and Methods
For the experiments to be reported here the pupae of a wild type strain of Drosophila melanogaster (Oregon strain) were used. Drosophila pupae as a biological material for the study of radiation problems were first tested in this laboratory by Henshaw and Schweitzer.
Stocks of flies are cultured in bottles in the usual way on a molasses-cornmeal-yeast medium at a constant temperature of 26 0 C. ± 1 0 , in such quantities that a substantial supply of adult flies will always be available. During the course of a series of experiments, in order to provide a large number of pupae at regular intervals, an average of 20 bottles are seeded each afternoon with from SO to 80 flies (both males and females). These are left to lay eggs overnight and the following day are shaken into a new set of bottles. It is advantageous, however, to replace them, after three to five transfers, by new flies of the same stock. Most of the larvae will have reached their maximum size about the fourth day after the seeding, provided that they are supplied with sufficient yeast. It will then be possible to prepare a collection of pupae at the end of the fourth day, though the material is usually more abundant on the fifth day and may be used also on the sixth and seventh days. Usually too few are available after this to make it worth while keeping the culture longer. The possibility of accommodating the yield of pupae to any desirable quantity by previously seeding a suitable number of bottles is of great advantage. The fertility of this material is very high, being close to 100 per cent for the controls.
Preliminary experiments showed that these organisms change to some extent in radiosensitivity with age. Accordingly, the different operations involved in the experimental procedure have to be performed on a strict schedule in order to insure a material of as similar an age as possible. In our experiments we followed to a great extent indications outlined by Henshaw in earlier tests.
The collection and preparation of pupae for irradiation are carried out as follows.
( 1) On the day preceding irradiation the larvae crawling up on the inner walls of the bottles and the pupae already adhering thereto are pushed or scraped down to the level of the food block in the bottom of the bottle. This operation is most conveniently performed with a soft moistened brush so as to avoid injury to the larvae. This scraping operation takes less than one minute for each bottle. Its purpose is to set the maximum limit of age of the experimental material considered.
(2) Eighteen hours after scraping, all the material adhering to the inner walls of the bottles is removed with a moist brush and immersed in a glass container of water. All the larvae and the younger pupae will remain below the surface and slowly sink to the bottom, whereas the pupae seven hours of age or older will float, owing to air spaces forming at this stage in the organism. This procedure sets the minimum age limit. The floating pupae, ranging in age from seven to eighteen hours, are then transferred to a Petri dish, on moist filter paper, and kept in the incubator at 26°C. to be used later.
(3) The experiments with this material are started precisely four hours after the beginning of the collecting time. As the usual duration of our experiments was two hours, the time elapsed between the scraping and the end of the experiments was twenty-four hours; this allows a convenient distribution of the different operations involved within the working day. If we deduct the average minimum time of seven hours necessary for the fully developed larvae to reach the stage of floating pupae, the maximum range of pupal age for these organisms at the beginning of irradiation is from eleven to twentytwo hours. Preliminary tests with x-rays showed Drosophila pupae of this average age to have but a very small variation in radiosensitivity during the length of time involved in the experiments. More detailed data concerning some particular biological characteristics of the pupal stage and the changes in radiosensitivity which take place with age will be found in the contribution of Henshaw referred to in the footnote on page 565. The technic of irradiation by x-rays and gamma rays will be indicated later in the description of the experiments.
Once irradiated, the pupae are replaced in moist chambers and kept in the incubator at 26°C." until hatched, which requires an average of ninety-six hours, Le, four days. The enumeration of empty and full pupa cases, giving the mortality for a given treatment, constitutes the convenient and natural end point of the experiments. In order to insure a sufficient margin of time for hatchings which might be slowed, we did the counting not on the fourth day, but systematically on the sixth day following irradiation.
The tabulation of the hatched organisms is not subject to any source of error, as the empty pupa cases are easily recognized. On the other hand, the pupae killed by radiations, within a wide range of dosage, show a high degree of development; visible through the walls of the puparium of heavily irradiated material are such structures as the wings, legs, eyes of the well known bright red color, and the dark, almost black coloration of the bristles and hairs on the abdomen, as well as on the thorax and head. According to C. W. Robertson (8) the appearance of this dark pigmentation occurs about seventy-three hours after the beginning of pupation. Owing to these morphological characteristics the pupae killed by radiation are also easy to tabulate. The killing effect of radiation is thus a delayed death. In spite of the amount of radiation received the pupal development goes on until it is almost completed, but the newly formed organism is unable to hatch and dies in the puparium, or during the hatching process.
Particular attention must be directed to the fact that a number of organisms-usually very few-which fail to hatch show no pupal development whatsoever. They are of the same yellow color as when selected for irradiation, and when squeezed show a creamy yellowish content. They are thus easily recognizable. These yellow pupae were systematically discarded in our countings, as there is some evidence that these organisms were damaged before irradiation, probably as a result of mechanical injury at the time they were removed from the walls of the bottles or of obstruction of the trachea by water during the floating operation. ... During the course of our experiments we found it suitable to make our countings while transilluminating the material. This is conveniently done by holding the Petri dishes containing the irradiated pupae, disposed on a few layers of moist filter paper, against a strong light source. It is then easy to distinguish the empty pupa cases from the damaged yellow pupae, and the latter from the pupae containing pigmented areas. With a hand lens more details can be observed.
Experiments with X -rays
The pupae, collected as described above, were removed with a soft moist brush to small rectangular strips of filter paper about' 22 mm. in width and 28 mm. in length and moistened with tap water. Such strips easily accommodate 50 to 75 pupae. These were spread evenly in one layer and usually disposed in regular rows, thus greatly facilitating the counting. Paper strips of greater dimensions were also used, for 100 or more pupae. The strips containing the pupae were arranged on moist filter paper and placed on a tray 12.5 em. in diameter made by gluing sheet celluloid 0.015 mm. thick to an embroidery hoop. The material was then covered by another sheet of celluloid of the same thickness, fastened on a smaller embroidery hoop, thus forming a moist chamber 15.5 em. in diameter and 11 mm. deep. The tray was placed beneath the x-ray tube and accurately centered with respect to the beam. Nothing was beneath the test material, within 40 em., except the filter paper and the 0.015 mm. of celluloid. Back-scattered radiation was thus reduced to a minimum.
The conditions of irradiation were as follows: 200 kv.; 30 rna.; 61.3 em. distance to material; 34 em. distance to filter; 0.5 mm. copper; and 1.15 mm. celluloid filtration.
The intensity was regulated with great care during the irradiations by means of an accurate intensimeter arrangement. An ionization chamber was placed at a fixed distance on one side of the x-ray tube enclosure and thus was not in the utilized beam. The intensity corresponding to a definite galvanometric reading had been previously calibrated in roentgens per minute at the For all the x-ray experiments reported here an intensity of 40 rImin. was employed, this rate being chosen because it was found from previous experience to correspond roughly to the effective output of the spherical gamma ray applicator for the conditions used. It was therefore possible in the comparison of effectiveness of x-rays and gamma rays to reduce the time factor influence to a minimum.
Sixteen x-ray experiments were performed. In each of these experiments samples were exposed to dosages of 1800, 2400, 3000, 3600, 4200, and 4800 r, each sample consisting of an average of 80 pupae. Four of the experiments were discarded later, as it was decided to eliminate any experiment in which the fertility of the controls was less than 97 per cent.
The results obtained are shown in Table I and graphically in Fig. 1 , with no modifications or corrections.
Experiments with Gamma Rays
For the experiments with gamma rays we utilized the spherical holder designed by Henshaw, which permitted the same standard conditions of distance and filtration for the radon source as the original holder of Failla. The main advantages of this holder are (1) that it provides for the material, during irradiation, the conditions of a moist chamber, as the whole sphere can be con-venientlv covered by a thin celluloid cap; (2) that it is easy to manipulate; (3) that it insures great accuracy in the timing of the exposures. I t also makes possible better protection of the operator in the course of the experiments.
This radon applicator is shown in Figs. 2, 3 and 4. piece of machined bakelite forming a spherical part and a cylindrical stem. The lower half of the stem is of greater diameter, thus providing a convenient support for the celluloid cover, and a strong base, which enables the whole applicator to stand steadily (Fig. 3, A and B ) and also to be handled easily at a safe distance of about 1 meter by means of a proper appliance (Fig. 4) .
The device is bored out so that it can be fitted over an upright wood stem which supports a spherical platinum filter enclosing a radon bulb (Fig. 3) . This cavity in the holder is machined in such a way that the platinum sphere and the bulb are held accurately in the center of the bakelite sphere, as shown by the roentgenogram (Fig. 3 C) . The platinum filter, which is the same as the one used in the first applicator of Failla, consists of two sections of a sphere machined out of solid bar and fitting precisely into each other, thus forming a closed hollow sphere with a wall thickness of 0.5 mm. and an outside diameter of 9.2 mm. The radon bulb, 3.5 mm. in diameter, was held in the center of the platinum sphere by a piece of paraffin of proper shape and dimensions (Fig. 3 A) . This applicator then also provides an effective point source and a practically uniform distribu- . The moist pupae adhere directly to the surface of the holder by capillarity, and as the celluloid cover provides the conditions of a moist chamber there is no possibility of their drying and falling from the applicator during the time involved in the experiments.
The outside diameter of the bakelite sphere being 18.2 mm. and the average transverse diameter of the pupae 1.0 mm., the distance from the effective point source to the central region of the pupae is 9.6 mm. As mentioned above, the moist pupae are placed directly on the surface of the bakelite sphere; an average of 350 pupae will adhere to it.
For the experiments to be reported here 5 radon bulbs of about 500 me.
initial value were used. The measurements were made, as is usually done in this institution, by comparison with a radium standard. A second measurement was made when the emanation had decayed to about 10 per cent of its initial value. The experiments were performed as follows:
The spherical portion of the holder was covered with moist pupae collected as described above, and was then covered with the celluloid cap. The exposure was started by fitting the whole applicator over the stem supporting the platinum sphere containing the bulb. This stem was fixed vertically on a wooden support, suspended from the ceiling by means of a pulley at a convenient location, the distance to the nearest wall or obstructing object being at least 1 meter (Fig. 4) . The exposure was stopped by removing the appli- cator from the stem holding the point source. This can be done almost instantly, thus insuring an accurate exposure.
For the experiments to be reported the dosages chosen after a series of preliminary tests, were 10,000, 20,000, 30,000, 40,000 and 50,000 me, min. The holder, covered with pupae, was removed from the stem at regular intervals adjusted for exposures of 10,000 me. min., a fifth of the pupae were pushed rapidly off the sphere with a moist brush, and the following exposure of 10,000 me. min. started immediately thereafter. The last portion remaining on the applicator would thus be submitted to the largest dosage, 50,000 me. min. These short interruptions in the exposures did not exceed 2 minutes each, this factor of fractionation being negligible. Each irradiated portion was disposed on a strip of moist filter paper, as in the x-ray experiments, and kept, together with controls, in a moist chamber at a constant temperature of 26" C. The total duration of an experiment was, as for the x-ray experiments, about two hours.
The counts were made on the sixth day after irradiation. As in the experiments with x-rays, we discarded from our final results a few experiments in which the fertility of the controls was less than 97 per cent.
The results obtained are shown in Table I and graphically in Fig: 5 , with no corrections.
Analysis and Discussion of Results
The analysis of the data obtained was carried out as follows: First the average value and the mean deviation from this average value were calculated for each experimental point (Table I) and the best smooth curve was fitted through the points thus obtained, as shown in Figs. 1 and 5 .
These curves are easily comparable, as the abscissal values in roentgens (Fig. 1) correspond to the same numbers in millicuries multiplied by 10 (Fig.  5) . We then obtained (as did Henshaw and Francis who previously used the same procedure in the course of their experiments with Drosophila eggs) ratios of x-ray doses to gamma ray doses for a series of corresponding levels of effect along the course of the curves. The results of these readings are shown in Table II As may be seen in the last column of Table II , the ratios of effectiveness as determined at different levels of the curves show but slight variations, which leads to the conclusion that the two curves are similar. The similarity of these two curves is further demonstrated graphically in Fig. 6 , in which the x-ray curve is referred to the gamma ray dosage scale in the abscissa by means of the average conversion ratio 0.111. This shows the the x-ray curve is very nearly in coincidence with the gamma ray curve (average points indicated as dots) . The similarity of these two curves offers strong evidence for the assumption that the mechanism of biological action of x-rays and gamma rays in this material is essentially the same. This point will be considered further in the discussion of the results of the summation experiments (page 578).
Following the procedure applied by Henshaw and Francis, the equivalent roentgen value for gamma rays may be obtained directly from the conversion r factor of 0.111, by means of the relation rjmin.jgm. = X 1000. mc.-min.
[, It would he iu~tifiahl~. however, til leave out the readings made at the levels of 10 per cent and 90 per cent killing and utilize only the particularly significant ascending part of the curves. This would give a ratio of a little above 0.109. This conversion ratio needs only to be multiplied by 1000 to give the r/min./gm. value, which in our case is 111. 6 This value, however, applies for a distance of 9.6 mm. With application of the inverse square law, this figure, corrected for 1 cm. distance, becomes 102.3. This value does not take into account any correction for the absorption in bakelite. Henshaw and Francis, following Exner and Packard's determinations, assumed that the correction factor is of the order of 1 per cent 7 and corrected their results accordingly. Applying the same correction in order to make our results comparable, we obtain a value of a little above 103 r/min.jgm. 8 The points averaging the results of the gamma ray experiments (open circles) appear thus nearly in coincidence with the x-ray curve (average points indicated by dots). The dotted part of tbis curve is extrapolated.
As Failla and Marinelli (1) have determined (their original article should be consulted for the details of the experimental conditions and the mathematical analysis of the problem), the gamma radiation emitted at the surface of an appliance similar to the spherical holder used by us is not in equilibrium with its secondary beta radiation. In other words, a transition effect is to be taken into consideration for any point lying outside of the bakelite. These authors found a relative increase with distance in the ionization in air per primary gamma ray photon. In the experiments under consideration the problem is complicated further by the presence of the celluloid shell around the bakelite sphere. The thickness of this shell (0.3 mm.) is insufficient to contribute the full complement of electrons, but would also tend to increase somewhat the relative amount of secondary beta radiation at the 6 The ,/mg. hr. may be obtained by dividing the ,/min./gm. by 16%. 7 According to measurements of Failla and Marinelli, however, the decrease in gamma ray intensity due to the bakelite amounts to about 0.6 per cent per millimeter; that is, for our holder, more than 3 per cent. 8 The physical measurements made by Failla for similar geometrical conditions with a spherical shell chamber gave 111 ,/min./gm.; this result expresses the effective gamma ray emission at 1 em. distance. The value obtained by Mayneord and Roberts (8) by the thimble chamber method is 138 ,/min./gm. location of the test material. While at present it is difficult to estimate this increase, it is nevertheless in the proper direction to bring the above value of 103 r/min./gm. nearer to that obtained by Henshaw and Francis with Drosophila eggs. Thus, the difference between the two results is within the limits of experimental error and cannot be put forth as evidence of a differential response to gamma rays and x-rays of Drosophila eggs and pupae. In general, the production, distribution, and detection, by means of their ionization effect, of fast electrons in matter depend to a considerable extent upon the geometrical conditions involved in the experiment and in the experimental object itself.
II. SUMMATION EXPERIMENTS WITH X-RAYS AND GAMMA RAYS
In the course of previous work (A. Liechti and]. H. Muller, 10) we have studied the summation effects of radiations of different wavelengths on biological test objects. These experiments were performed on eggs of Ascaris megalocephalc and bacteria with x-rays (160 kv. and 12 kv.) and ultraviolet light. These studies furnished a rather precise quantitative demonstration of a difference in the mechanism of the biological action of radiations as different in wavelength as hard and soft x-rays on the one hand and ultraviolet light on the other. In this group of experiments the summation quotient 0 was found to be less than 1, indicating incomplete summation. At the same time it was found that the mortality curves for ultraviolet light and x-rays showed a different course. We were therefore interested in carrying out similar experiments with 200 kv. x-rays and gamma rays. E. H. Quimby and G. T. Pack (11) , of this institution, had worked previously along the same line, studying the combined effect of these types of radiation on the skin erythema.
To investigate the question of summation effects we again utilized the pupae of Drosophila. The mortality curves for 200 kv. x-rays and gamma rays, with the respective dosage ratios obtained for these organisms, as reported above, gave us the basic data necessary. Once the complete mortality curves for the two radiations have been determined, and the corresponding dosage ratios at numerous levels of these curves (Table I, Figs. 1, 5 and 6 ) and the average ratio throughout their whole length established, it becomes easy to determine for any combination of x-rays and gamma rays whether or not the accumulation is complete, by applying identical irradiation procedures.
In order to give a systematic character to our experiments, we selected two definite types of combination, in which we gave to all samples of organisms involved in each experiment a uniform dose of one radiation and subsequent variable exposures of the other radiation. In one series we exposed first to the x-rays; in the other series first to gamma rays. This gives the widest range of combination possibilities as well as directly comparable results within each experiment, from experiment to experiment and from series to series.
These experiments were performed on the following scheme.
A. Gamma-ray Fraction + Complementary X-ray Series: An equal dose of 20,000 mc. min., which represents one-half of the dose producing an average of 88 per cent killings, was given to the material on the spherical holder.
o As a definition, this summation quotient would be equal to 1 for a complete accumulation of effects. This material was thereafter divided into five equal portions, each of which was then submitted to different exposures of x-rays, These exposures were of 600, 1200, 1800, 2400 and 3000 r.
B. X-ray Fraction + Complementary Gamma-ray Series:
An equal dose of 1800 r, which represents one-half of the dose producing an average of S6 per cent killings, was delivered to the material, which immediately afterwards was fitted on the spherical holder. Five different portions were then taken off the holder after exposures of 10,000, 15,000, 20,000, 25,000 and 30,000 me. min., respectively. In both these groups of summation experiments, a number of controls for the x-ray exposures alone were also obtained, the results of which were found to be entirely consistent with the x-ray data already available.
As usual, the irradiated pupae were kept on moist filter paper, in moist chambers, at 26°C., and the countings were made on the sixth day following irradiation.
A total number of 12 summation experiments were performed. A few experiments were omitted because of low fertility of the controls. Some other experiments were performed with somewhat different dosages and gave entirely consistent results when compared to the experiments made with the dosage scheme given above.
The numerical data concerning 7 typical experiments, including a total number of 33 summation tests are reported in Table III . The consistency of these results is of the same order as that obtained for the experiments with x-rays and gamma rays alone. Tables I and II it is easy to determine whether or not the summation of effects for x-rays and gamma rays is complete. This can be done accurately and in a more striking fashion by the graphic procedure. Thus, on the basis of the conversion factor of 0.111, as given in Table I , and expressed graphically in Fig. 6 , it is possible to compare directly the curves obtained in the summation experiments with either the x-ray or the gamma ray curve.
Analysis and Discussion of Results

By comparison with
This can be done most conveniently by utilizing the same scale of dosages as in Fig. 1 A (Table III) , in which the x-ray exposure was the variable factor, to the x-ray curve, and, correspondingly, the results of the summation experiments B to the gamma-ray curve. This necessitates only a conversion of the constant fraction of exposure to the scale corresponding to the other radiation by means of the factor 0.111.
This graphic comparison is shown in Figs. 7 and 8 , in which the solid curves are the same as in Figs. 1 and 5 , respectively. The limits of their mean deviation from the average are represented by the light dotted lines. The solid points correspond to the average values of the summation experiments. The ordinate of the mean deviation from the average is indicated on each summation point.
. The results, as demonstrated by this graphic analysis, are as follows: The dotted points corresponding to the average values given by the summation experiments are located on or very near the corresponding x-ray or gamma ray curves. More specifically, these points are located, and, at most levels, including their mean deviation, within the range of the mean deviation, calculated for the x-ray and gamma-ray curves. As these curves, according to Fig. 6 , are closely similar to each other, it is apparent that the results of the two series of summation experiments follow a similar course.
These results lead to the conclusion that for the material and experimental conditions considered the summation of effects of 200 kv. x-rays and gamma rays is a complete one, in whatever succession the gamma ray and x-ray exposures have been made. This result is in accord with the similar course of the x-ray and gamma ray curves and strengthens the conclusion that there is no essential difference in the biological mechanism of action of these two types of radiation.
The results obtained in our summation experiments and the results obtained by E. H. Quimby and G. T. Pack in their studies on skin erythema with combinations of different types of radiation are thus not in accord. These authors showed that for combinations of gamma rays and hard beta rays, and for gamma rays and soft or hard x-rays, in equal parts, it requires one-third more radiation to produce a threshold erythema on human skin than for any of these radiations used alone. This difference is in excess of the experimental error involved. On the basis of careful dosimetric studies of the distribution of the various types of radiation used within the first centimeter of tissue, these authors concluded that there seems to be no physical explanation of this phenomenon of incomplete summation of effect, thus suggesting the necessity of a biological explanation. They did not actually formulate such biological explanation, but it seems reasonable to assume that this incomplete summation of effects observed for the skin erythema is the indirect expression oj some qualitative dependence oj the skin erythema upon the wavelength oj the radiation.
It appears that the lethal effect of radiation ranging from x-rays to gamma rays for Drosophila eggs (Packard and others) and Ascaris eggs (Holthusen and others) is independent of the wavelength. It is evident that Drosophila pupae can be compared exactly with Drosophila eggs, which are also multicellular organisms at the stage used for radiobiological purposes. A common characteristic of all these organisms is that they represent complete individuals and" closed" biological systems, uniformly irradiated in their entirety, in which unbalances of ion concentration are not likely to occur. Such organisms differ vastly from an area of human skin, which is in free interaction with the surrounding medium. One must think that in these complex biological conditions subordinate factors such as differences in the initial spatial distribution of the ions (for the same ionization dose per unity of volume) might playa rOle of increasing importance." Here we refer particularly to a theory of the biological action of ionizing radiations recently formulated by Failla (13) . As Failla's work (12) with the extrapolation chamber has shown, it is evident that the same dose of radiation does not produce the same biological effect on the skin (threshold erythema) when the quality of radiation is different. This indicates that the biological effectiveness of the radio ions depends on the wavelength of the radiation, since, for first approximation it may be assumed that the ionization in the skin is proportional to the ionization in the same mass of air.
The above radiobiological considerations, though they do not point out any essential difference in the mechanism of biological action of the ionizing radiations ranging from x-rays to gamma rays are of practical significance. They lend support to the opinion often expressed in recent times, yet still with little precision, that there seem to be interesting differences in the therapeutic action of 200 kv. x-rays, supervoltage x-rays, and gamma rays which cannot be explained satisfactorily by physical and geometrical factors of dosage distribution.
SUMMARY
A further attempt has been made to use a biological test material for the quantitative comparison of effectiveness of 200 kv. x-rays and gamma rays.
Experiments were performed with the pupae of Drosophila melanogaster, which appear to be a satisfactory test object for radiobiological studies.
The mortality curves obtained for 200 kv. x-rays and gamma rays showed an almost identical course. An equivalent roentgen value for gamma rays of 103 rjmin.jgm. was obtained for the standard conditions of 1 ern. distance from an effective point source of gamma radiation, with a filtration of 0.5 mm. platinum. The value obtained is in good agreement with physical measurements made for similar conditions with a spherical shell chamber (Failla) .
This value of 103 rjmin.jgm. is also in fairly close agreement with the equivalent roentgen value of 91.4 r jmin.jgm. found by Henshaw and Francis for Drosophila eggs. A necessary correction is suggested which would bring the first value still closer to the one determined for Drosophila eggs.
A further contribution to the question of the relative effectiveness of hard x-rays and gamma rays is given in the results of experiments in which the combined effect of these two radiations on Drosophila pupae was studied. The summation of effects of these two radiations was found to be complete in whatever succession they are administered. This is in accord with the similarity of the mortality curves obtained for hard x-rays and gamma rays and tends to substantiate the conclusion that there is no difference in the mechanism of the biological action of these two radiations for these organisms, in which unbalances of ion concentration are not likely to occur. In the analysis of the experimental conditions involved in the reported results it is pointed out that the production, spatial distribution and utilization of the secondary beta radiation, which has great influence on the effectiveness of the gamma radiation, depend to some extent upon geometrical conditions. Previous experiments of Quimby and Pack on the summation effect of various ionizing radiations (ranging from soft x-rays and soft beta rays to hard beta rays, hard x-rays and gamma rays) on the threshold skin erythema are recalled. These authors showed that there is an incomplete summation of effects, and that the experimental conditions involved in their experiments seem to eliminate a physical explanation of this phenomenon. It is considered that this incomplete summation of effects for the skin erythema is the manifestation of some qualitative dependence of the skin erythema upon the wavelength of the radiation. The theoretical and practical significance of the difference between the summation results for Drosophila pupae and the skin erythema test is outlined.
NOTE: The writer wishes to express his great indebtedness to Dr. P. S. Henshaw for his constant interest and advice during the course of the work, to Dr. D. S. Francis for her cooperation in a number of experiments, and to Dr. G. Failla for his valuable suggestions.
